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Abstract 
Geometric Programming (GP) is a method to solve non-linear problems. In this paper, the gate sizing 

problem to minimize delay is used as example of formulation using Geometric Programming. Two solvers are 
used to solve the gate sizing problem, GGPLAB and MOSEK. GGPLAB is a Matlab toolbox to solve Geometric 
Programs and generalized geometric programs. MOSEK is a software which solves large-scale mathematical 
optimization problems and it has interface to a group of programming languages. The runtime of the MOSEK is 
89.6% lower, on average, than GGPLAB to solve the gate sizing problem considering a set of the ISCAS’85 
benchmark circuits. 

1. Introduction 
Geometric programming (GP) is a technique to solve nonlinear optimization problems. A Geometric 

Program (GP) in standard form may become a convex program after a logarithmic transformation. The global 
optimum of a convex problem is achieved more quickly than the result of a non-linear problem.  

Since its inception, GP has been closely associated with applications in engineering. Early applications of 
geometric programming include nonlinear network flow problems, optimal control, optimal location problems, 
and chemical equilibrium problems [1]. 

With the development of methods that can solve large-scale GPs extremely efficiently and reliably; at the 
same time a number of practical problems, particularly in circuit design, have been found to be equivalent to (or 
well approximated by) GPs. The basic approach in GP modeling is to attempt to express a practical problem, 
such as an engineering analysis or design problem, in GP format. In the best case, this formulation is exact; 
when this is not possible, we settle for an approximate formulation. Placement, routing, power control, floor 
planning, wire sizing, gate sizing are some examples of possible problems that can be formulated as a 
Geometric Program. In this work, a gate sizing formulation using Geometric Programming is presented as 
example and the problem is solved using GP solvers [2].  

Section II presents some related works that are casted by geometric programming. In section III, Geometric 
Programming model is shown. The geometric programming solvers are presented in Section IV. Section V 
shows an application formulated using geometric programming and its runtime results. The chosen application 
is the gate sizing. Conclusions are drawn in section VI. 

2. Related Works 
GP can be used to formulate different problems in circuit design. Some methods to transform these 

problems into GP format are found in [1]. Placement is addressed in [3] to improve delay in integrated circuits 
where the technique lies a mathematical formulation for simultaneous cell sizing and placement subject to 
timing and position constraints. [4] employ geometric programming (GP) for the optimization problem of 
temperature reduction and chip area floorplanning. [5] presents a method for digital circuit optimization based 
on formulating the problem as a geometric program, it is considered gate and wire designs and some complex 
formulations as such robust design over corners, multimode design, statistical design, and problems in which 
threshold and power supply voltage are also variables to be chosen.  

The gate-sizing problem using geometric programming has been studied in many works. In [6], the Elmore 
delay model is reduced to unary geometric programs with the objective of improve the performance of VLSI 
circuits sizing their gates. The unary GP is solved using a greedy algorithm with runtime linear to the number of 
components in the circuit. [7] has a convex programming approach to solve the transistor sizing problem. Delay 
can be controlled by varying the sizes of transistors in a circuit, spending additional chip area. Delay is modeled 
as posynomials functions of transistor size, creating a geometric programming problem which is transformed 
into a convex program, guarantying to find the exact solution. In [8], an optimization scheme for gate sizing in 
the presence of process variations using a posynomial delay model is presented and the resulting optimization 



 

problem is relaxed to be a Geometric Program that is solved using convex optimization tools. And, GP is used 
in delay model for transistor sizing [9]. 

3. Geometric Programming Model 
The term geometric program was introduced in 1967 [10] and is used to define a type of mathematical 

optimization problem whose objective must be a posynomial function. There is a difference between the terms 
geometric programming and geometric optimization. Geometric Programming refers to the family of 
optimization problems and Geometric optimization refers to optimization problems involving geometry [1]. 

To understand what is a posynomial function, we explain what is a monomial function. In a monomial 
function, as shown in equation (1), c is the coefficient and it can be any positive number. The c coefficient 
multiplies the variables with exponents and the exponents can be any real numbers. 
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The sum of one or more monomials, that is, the function as 
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where ck > 0, is called a posynomial function (with K terms, in the variables x1, ..., xn). 
Any monomial is also a posynomial. Posynomials are closed under addition, multiplication, and positive 

scaling. Posynomials can be divided by monomials resulting also a posynomial [1]. 
Geometric Programming (GP) is an optimization problem of the form 
        minimize f0(x) 

   subject to fi(x) ≤ 1, i= 1, . . . , m,      (3) 
                        gi(x) = 1, i= 1, . . . , p, 
    
where fi are posynomial functions, gi are monomials, and xi are the optimization variables. We refer to the 

problem 3 as a geometric program in standard form. In a standard form geometric program, the objective must 
be posynomial (and it must be minimized); the equality constraints can only have the form of a monomial equal 
to one, and the inequality constraints can only have the form of a posynomial less than or equal to one [1]. 

4. Geometric Programming Solvers 
GP solvers unambiguously determine feasibility. But they differ in what point (if any) they return when a 

GP is determined to be infeasible. In any case, it is always possible to set up and solve the problems described 
above (or others) to find a potentially useful ‘nearly feasible’ point. 

4.1. GGPLAB 
GGPLAB is a Matlab-based toolbox for specifying and solving geometric programs (GPs) and generalized 

geometric programs (GGPs) [11]. 
This toolbox accepts GP in posynomial and convex form. GGPLAB consists of gpcvx, a primal-dual 

interior-point solver for GP (in convex form) and a wrapper, gpposy, which accepts GPs given in posynomial 
form. A library of objects to support the specification of GPs and GGPs and a variety of examples is available at 
GGPLAB file. The solver supports sparse problems, but it is not optimized for large scale problems [11].  

4.2. MOSEK 
MOSEK optimization software is designed to solve large-scale mathematical optimization problems. It 

includes interfaces to C/C++, Java, MATLAB, .NET(C#/Visual Basic) and Python.  
MOSEK is designed to solve linear problems, conic quadratic problems, general convex problems, 

quadratic problems, convex quadratically constrained problems, geometric problems (posynomial case) and 
integer problems. To solve these problems, MOSEK uses interior-point optimizer, primal or dual simplex 
optimizer, conic interior-point optimizer and Mixed-integer optimizer [12]. 

The solver transforms a GP input in a convex optimization problem and solves it. The output of the convex 
problem uses the same method to have the GP result, a simple variable transformation. 

MOSEK provides faculty, students, or staff of a degree-granting academic institution a free unlimited size 
license. The free academic license can only be used for research or educational purposes, that is our case [12]. 

5. Gate Sizing using Geometric Programming 
Geometric Programming was applied in a gate sizing tool. Equation (4) shows the formulation of the gate 

sizing optimization problem to minimize delay, considering that D values are the delays of the circuit paths. Xmin 



 

and Xmax are the minimum and maximum size of the gate (gate sizing) or the minimum and maximum allowed 
transistors width (transistor sizing). The maximum transistor width was defined by the maximum transistor 

width found in a cell library with a same manufacturing technology. Cin
max

 is the maximum input capacitance 
acceptable to the circuit, avoiding a high load to its driver and Amax is the maximum circuit area [2]. 

minimize    D = max(D1...Dn)

subject to    Xmin ≤ Xi ≤ Xmax

                   Cin ≤ Cin
max       A ≤ Amax

                   (4) 

The gate sizing tool solves the problem in this way [2]: 
1) The logic gates are modeled using the Switch-Level RC Gate Model [5]. In this model, a gate is viewed 

as a set of RC trees one for each possible input vectors and the gate delay is the maximum delay generated by its 
compound RC trees. 

2) Delay is calculated using the Elmore delay model [13], which produces posynomial functions, enabling 
the problem solution by Geometric Programming. 

3) Area is the sum of the width Wi of each transistor i that make up the circuit, where n is the number of 
transistors of the circuit keeping the GP form: 

  Atotal = Wi
i=1

n

∑        (5) 

4) Switching power is calculated considering all capacitances of the circuit: load capacitance (Cload) and 
input capacitances (Cin). Vdd is the circuit voltage. α is the switching probability, which we consider 20% and f 
is the clock frequency, which we set to 500MHz for our tests. 

P = (Cload + Cini )* Vdd2 * α * f
i=1

n

∑          (6) 

5.1. Runtime Results 
The gate sizing tool to minimize delay of the circuits is used to size a set of the ISCAS’85 benchmark 

circuits [2]. Tab. 1 shows a runtime comparison using both GP solvers mentioned in section 4, GGPLAB and 
Mosek, and the runtime reduction achieved by Mosek. Tab. 1 also shows for each circuit the number of gates, 
the number of auxiliary variables and the total number of variables used to solve the gate sizing problem. 
Auxiliary variables are used to translate the generalized geometric problem to the standard form. The total 
number of variables for the gate sizing is the sum of the number of gates and the number of auxiliary variables. 

Mosek solver is able to reduce the runtime to size the gates in 89.6%, on average, producing the same area, 
timing and power results than GGPLAB solver.  

 
Tab. 1 – Runtime in seconds considering the gate sizing using two different solvers: GGPLAB as a toolbox 

of Matlab and Mosek 
   

#  
Variables 

Runtime (s) 
 # 

Gates 
# Auxiliary 
Variables GGPLAB Mosek 

R 
 (%) 

C432 184 344 528 74.5 8.6 88.49 
C499 403 755 1158 307.2 14.4 95.30 
C190
8 259 455 

714 127.5 9.2 92.78 

C880 232 399 631 75.9 8.1 89.39 
apex1 1728 3351 5079 3021.5 369.7 87.76 
apex2 4110 8003 12113 23708 3996.5 83.14 
apex3 1939 3771 5710 3927.8 455.4 88.41 
apex5 1942 3663 5605 4816.9 412.3 91.44 
 Avg. 1350 2593 3942 4507.4 659.3 89.6 

 

6. Conclusions and Future Works 
In this paper, the Geometric Programming (GP) technique was presented. Two solvers that can be used to 

solve the GP problems were shown too. 
Gate sizing was used as example of GP formulation. To solve the gate sizing problem, GGPLAB and 

MOSEK solvers were used. The two solvers get the same optimization results, but the runtime of MOSEK was 



 

considerably lower. This happen because MOSEK is designed to resolve large scale problems and it is not used 
as a toolbox of other tool, as GGPLAB that is a Matlab toolbox. 

As a future work, we intend to use Geometric Programming to solve the gate sizing problem taking into 
account other design variables, like rise and fall times to calculate the delay and consider leakage power as a 
constraint in the problem formulation. 
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